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Objectives: To observe the antihyperglycemic effect of rosemary (Salvia
rosmarinus) in alloxan-induced diabetic rabbits.

Methodology: This experimental study was conducted at the Department of
Pharmacology and Therapeutics, Liaquat University of Medical and Health
Sciences (LUMHS), in collaboration with the Animal House of the Agriculture
University, Tando Jam, from November 2023 to April 2024. A total of 24 adult
healthy male rabbits weighing between 1.5 and 2.5 kg were included. The rabbits
were divided into four groups: Group A (normal control) and Group B (diabetic-
induced control) received 0.9% NaCl, while Group C (diabetic-induced) received
Rosmarinus officinalis 250 mg/kg, and Group D (diabetic-induced) received
glimepiride 2.5 mg/kg. Leaves of Rosmarinus officinalis were dried, powdered,
and prepared as an ethanolic extract. After the experiment, blood samples were
collected from the femoral vein, centrifuged, and analyzed for serum glucose
levels. Hyperglycemia was defined as a blood glucose level above 200 mg/dL.
Data were entered and analyzed using SPSS version 26.

Results: Fasting blood sugar (FBS) levels showed a significant reduction in Groups
Cand D compared with Group B by day 28. Specifically, in Group C, FBS decreased
from 252.842.5 to 181.3+2.3 mg/dL, and in Group D from 255+1.8 to 197.16+2.5
mg/dL (p<0.05), indicating significant efficacy of Rosmarinus officinalis in
improving FBS levels in diabetic rabbits.

Conclusion: Rosmarinus officinalis effectively reduced glycemic concentrations in
alloxan-induced diabetic rabbits.
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Introduction

Diabetes mellitus (DM) is among the most prevalent
diseases globally, and the impact of this endocrine disorder
on the body cannot be ignored.t Around 537 million adults
aged between 20 and 79 years worldwide are living with

diabetes, representing 10.5% of individuals in this age
group.2 According to the 10th edition of the IDF Diabetes
Atlas, diabetes is expected to affect 643 million people
worldwide by 2030, and this number is projected to rise to
783 million by 2045.2.® Current estimates of diabetes
mellitus prevalence exceed all previous projections.
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Diabetes mellitus is a metabolic disorder characterized by
chronic hyperglycemia resulting from inadequate insulin
secretion, impaired insulin action, or a combination of
both. Persistently elevated blood glucose levels can lead to
a range of complications, including macrovascular
complications such as cardiovascular disease (CVD) and
microvascular complications such as
hypertriglyceridemia, neuropathy, and nephropathy.? The
rising prevalence of type 2 diabetes (T2D), along with lipid
profile abnormalities in the population, presents a
significant public health challenge.*

Rosmarinus officinalis L., commonly known as rosemary,
is an aromatic plant belonging to the Lamiaceae family.
Rosemary is a plant that is 1 to 2 meters tall, has deep roots,
and has a strong spicy aroma. Its leaves are long and dark
green, while its flowers can be either purple or white. R.
officinalis is cultivated all over the world, especially in the
Mediterranean Region: many cultivated and wild species
are found in these regions. In the Mediterranean diet, fresh
rosemary leaves are used as food and spice. The leaves
have been reported to prevent food poisoning.®> Iron bark
has many activities such as antibacterial, blood sugar-
lowering, antioxidant, anti-cancer, liver-protective, anti-
inflammatory, and antithrombotic properties.®’

The biological properties of rosemary extract are primarily
attributed to its polyphenols, such as rosmarinic acid, and
phenolic diterpenes, including carnosic acid and
carnosol.®,® In particular, the presence of these
polyphenolic compounds contributes to its antioxidant
activity. These compounds are responsible for the
antiradical activity of rosmarinic acid, carnosic acid,
carnosol, rosmanol, and genkwanin.!°

Antioxidant activities of the such compounds is similar to
other biological activities, such as cell protection and anti-
inflammatory, and these Compounds can scavenge
reactive oxygen species (ROS).!"" Additionally, previous
studies have shown that polyphenols have inhibitory
effects on a-amylase, the first step of starch digestion.!?
Additionally, the proportion of secondary metabolites may
vary depending on numerous factors.’*.'* Changes in the
plant environment, such as the transition from forest
habitats to cropland, can influence plant growth,
biochemistry, and the concentration of active substances.*
It is sometimes suggested that cultivated herbal materials
may lose the “potency” of wild herbal plants; however, this
theory is not supported by sufficient scientific evidence.?

Methodology

This experimental study was conducted by the Department
of Pharmacology and Therapeutics in collaboration with
the Animal House of Agriculture University, Tando Jam,
over a six-month period from November 2023 to April
2024. Ethical approval was obtained from LUMHS (Ref.
no. LUMHS/REC/88). A total of 24 healthy adult male
rabbits, exhibiting normal behavior and activity, with body
weights ranging from 1.5 to 2.5 kg, were included in the
study. Rabbits that were sick (e.g., difficulty in jumping),
not feeding well, or previously used in other experiments
were excluded.

The rabbits were randomly divided into four groups, with
six animals per group: Group A (normal control) received
0.9% NaCl; Group B (diabetic-induced control) received
0.9% NaCl; Group C (diabetic-induced) received
Rosmarinus officinalis 250 mg/kg; and Group D (diabetic-
induced) received glimepiride 2.5 mg/kg. All rabbits were
allowed a two-week acclimatization period before the
experiment. Animals were housed six per cage and
provided a standard basal diet and tap water in a controlled
environment with a temperature of 28 + 2°C, humidity of
60 £ 5%, and a 12-hour light/dark cycle.

Plant Material Preparation: Fresh Rosmarinus
officinalis L. was collected from local market. It was
identified by Pharmacognosy department Sindh
University, Jamshoro. Plant had been dried in the shade at
the room temperature. The plant's dried out leaves were
ground into powder using the grinder. The powdered
leaves were immersed in ethanol at 50°C for 12 hours.
After filtration to remove the residue, the ethanolic extract
was concentrated using a rotary evaporator under reduced
pressure at 40°C.8°

Induction of Diabetes Mellitus: A single dose of 120
mg/kg body weight of Alloxan monohydrate, dissolved in
normal saline, is administered via the intraperitoneal (1.P.)
route. Since alloxan could evoke fatal hypoglycemia in
initial phase as a result of massive insulin release in first
8h, 25% glucose is given and glucose level is monitored in
that period. In second phase blood glucose is gradually
drop, after 72 h, a blood test confirmed hyperglycemia
(200 mg/dI)® After that the experiment will be proceeded.

Determination of Blood Glucose: Blood glucose
concentration was determined in blood by commercially

available glucose kit (ACCU-CHEK Instant S
Therefore, the present study was conducted to evaluate the g ( )
. . . glucometer.
antihyperglycemic  effects of rosemary (Salvia
rosmarinus) in alloxan-induced diabetic rabbits.
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All the relevant information was collected using study
proforma and data analysis was done by using SPSS
version 26. All numerical variables were computed as
mean and standard deviation. Student's T-test was applied
and a probability value of p<0.05 was considered
statistically significant.

Pictures: 3 & 4 Induction of Diabetes in rabbits (Alloxan
monohydrate)

Pictures: 5 & 6 Blood sampling for determination of blood
glucose.

Results

The mean of FBS in group A (control), group B (Alloxan
induced diabetics), group C Rosmarinus officinalis
(250mg/Kg), and Group D Glimepiride(2mg/Kg) were
noted at 72 hours and at Day 28.

FBS were noted in Group A at 72 hours as 115.3 + 0.8 and
at Day 28 as 115.2 + 1.4. FBS were noted in Group B at
72 hours as 250.8 + 1.7 and at Day 28 as 353 + 2.5. FBS
were noted in Group C at 72 hours as 252.8 + 2.5 and at
Day 28 as 181.3 + 2.3.FBS were noted in Group D at 72
hours as 255 + 1.8 and at Day 28 as 197.16 + 2.5. The FBS
level at 72 hours and at Day 28 in all group are shown in
Table I.

When we compared the FBS at Day 28 in Group B and
Group C, the results were statistically significant
(p<0.001). The comparison of FBS at Day 28 in Group B
and Group D also showed statistically significant results
(p<0.05). The comparison of Group C and D with Group
B is shown in Table 1l to IV.

Table I: Fasting blood glucose at 72 hours and day 28.

Treatment group FBS AT 72 FBS AT
HOURS DAY 28

GROUP A: Control Group 1153+0.8 1152+14

GROUP B: Diabetes Induced 2508+17 3535%25

Rabbits (Alloxan 120mg/Kg)

GROUP C: Rosmarinus 2528+25 181.3+23

Officinalis (250mg/Kg)

GROUP D: Glimepiride 255+1.8 197.16 £2.5

(2mg/Kg)

Table II: Fasting Blood Glucose at day 28 in Group B and
Group C.

Treatment group FBS AT DAY 28  P-VALUE
GROUP B 3535+25
GROUP C 181+£0.3 P <0.001

Table 111: Fasting Blood Glucose at 28™ day in group B
and group D.

Treatment group FBS AT DAY 28 P-VALUE
GROUP B 3535+25
GROUP D 197.1£25 P<0.05

Table 1V: Fasting Blood Glucose at 28" day in Group C
& Group D.

Treatment group FBS AT DAY 28 P-VALUE

GROUP C 181.3+2.3

GROUP D 197.1+ 25 P <0.05
Discussion

Diabetes mellitus is a significant metabolic disorder
characterized by persistent hyperglycemia worldwide. Its
management with conventional drugs is often limited by
side effects and high cost. This has led to increasing
interest in plant-based alternatives with proven
antihyperglycemic potential. The present study was
conducted to assess the glucose-lowering effects of
rosemary (Salvia rosmarinus) in alloxan-induced diabetic
rabbits, and the findings were comparable to those of the
standard antidiabetic drug glimepiride. In this study, the
mean fasting blood sugar (FBS) level at day 28 in the
alloxan-induced diabetic group (353 * 2.5 mg/dL) was
significantly higher than the mean FBS at day 28 in the
Rosmarinus officinalis (250 mg/kg) treated group (181.3 =
2.3 mg/dL), with a statistically significant p-value
(p<0.001). These findings suggest strong
antihyperglycemic effects of Rosmarinus officinalis (250
mg/kg). Comparable findings were reported in a similar in
vivo animal model study by Bakirel T et al.'®, who
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administered different doses of Rosmarinus officinalis
extract (ranging from 50 mg/kg to 200 mg/kg) in alloxan-
induced diabetic rabbits and observed that the 200 mg/kg
dose significantly reduced hyperglycemia while increasing
serum insulin levels. Consistently, in the study conducted
by Soliman GZ et al.,'” streptozotocin (STZ)-induced
diabetic rats were treated with dried rosemary in powdered
form and noted that rosemary produced a significant
reduction of 53.97% in fasting blood glucose levels among
STZ-induced diabetics compared to controls, revealing
beneficial anti-diabetic effect of rosemary, while
improving lipid metabolic activities in diabetics. Similar,
another study conducted by Malek A et al.*® also reported
comparable anti-diabetic effects of rosemary extract,
measured among diabetic rats over the course of 36 days.

In the present study, the fasting blood sugar (FBS) at day
28 in the alloxan-induced diabetic group (353 + 2.5
mg/dL) was considerably higher than in the glimepiride (2
mg/kg) treated group (197.16 + 2.5 mg/dL), with
statistically significant results (p<0.05). These findings
indicate the strong efficacy of glimepiride in controlling
hyperglycemia. In agreement, a pilot study by Oshkondali
ST et al." in alloxan-induced diabetic mice demonstrated
that oral administration of glimepiride produced nearly a
50% reduction in fasting blood glucose, decreasing from
173 mg/dL to 93.67 mg/dL within 4 hours, indicating
effective antihyperglycemic activity. Similarly, Mondol D
et al.?° reported that glimepiride administration in alloxan-
induced diabetic rats significantly decreased glycemic
levels from 19.45 + 0.36 mmol/L to 16.03 + 0.86 mmol/L
by day 7, with further reduction to 14.73 + 0.77 mmol/L at
day 14 (p<0.05 and p<0.01, respectively). Consistent
results were also observed in an animal study by Raja MA
et al.2t, which confirmed the antihyperglycemic efficacy of
glimepiride in alloxan-induced diabetic rats.

In current study, the comparison of FBS at Day 28 in
Rosmarinus Officinalis (250mg/Kg) group (181.3+2.3)
was substantially lower than that of Glimepiride (2mg/Kg)
group at Day 28 (197.16 + 2.5), with statistically
significant differences between the groups (p<0.05). These
findings suggest that Rosemary (Salvia Rosmarinus) has
stronger anti-hyperglycemic effects than Glimepiride.

Aligning with these finding several animal studies
conducted by Bakirel T et al.,*® by Soliman GZ et al.,*” by
Oshkondali ST et al.,*® and by Mondol D et al.° have
reported that Rosmarinus Officinalis and Glimepiride both
have shown high efficacy in glycemic control among
alloxan-induced diabetic animals. However, to the best of

our knowledge, this study is the first to show higher
efficacy of Salvia Rosmarinus than Glimepiride

Despite well-established safety profile, in the studies
conducted by Basit A et al?? and Yoon KH et al®
Glimepiride has shown risks of weight gain and
Symptomatic hypoglycemia.?22 However, a study by
Ghasemzadeh Rahbardar M et al.?* reported that rosemary
is generally safe when used as a food preservative, but
caution is advised due to the potential negative effects of
high and chronic doses on hepatic, renal, and reproductive
functions. Although the antihyperglycemic efficacy of
glimepiride has been supported by several large-scale and
clinical trials, clinical evidence supporting the role of
Rosmarinus officinalis as an antihyperglycemic agent is
limited, with most studies being in vitro or in vivo.?,*

This limitation restricts the ability to establish a superior
efficacy profile for Rosmarinus officinalis. Subsequently
present study was also limited by its animal-based
experimental design using very limited number of alloxan-
induced diabetic animals, which may restrict direct clinical
extrapolation to the humans. Hence further studies with
larger samples, standardized Rosemary extract, long-term
assessment of toxicity and molecular mechanistic
investigations are suggested, to confirm these findings and
establish Salvia rosmarinus as a viable adjunct antidiabetic
therapy.

Conclusion

The conclusive findings of the study revealed a significant
antihyperglycemic effect of Rosmarinus officinalis in
alloxan-induced diabetic rabbits, with glucose-lowering
effects comparable to glimepiride. Overall, the findings
support its traditional antidiabetic use and emphasize its
potential as a natural, cost-effective therapeutic
alternative, particularly in resource-limited settings.
However, long-term toxicity assessment and detailed
molecular mechanism investigations are essential before
its use in the diabetic population.

References

1. AlgadiSF. Diabetes mellitus and its influence on oral health.
Diabetes  Metab  Syndr  Obes. 2024;17:107-120.
https://doi.org/10.2147/DMS0.5426671

2.  Hossain MJ, Al-Mamun M, Islam MR. Diabetes mellitus, the
fastest growing global public health concern: Early
detection should be focused. Health Sci Rep.
2024;7(3):2004. https://doi.org/10.1002/hsr2.2004

3. Kumar A, Gangwar R, Zargar AA, Kumar R, Sharma A.
Prevalence of diabetes in India: A review of IDF diabetes

Ann Pak Inst Med Sci

Jan-Mar 2026 Vol. 22 No. 1 89


https://doi.org/10.2147/DMSO.S426671
https://doi.org/10.1002/hsr2.2004

Assessment of the Anti-hyperglycemic Effects of Rosemary (Salvia Rosmarinus) Compared to Glimepiride in Alloxan...

atlas 10th edition. Curr Diabetes Rev. 2024;20(1):105-114.
https://doi.org/10.2174/1573399819666230413094200

electrochemical detection. J Pharm Biomed Anal.

2020;39:431-437.

4. Ma LL, Chen N, Zhang Y, Feng XM, Gong M, Yan YX. https://doi.org/10.1016/j.jpba.2005.03.033
Association of phenotypic frailty and frailty index with type 15. El Bouzidi L, Jamali CA, Bekkouche K, Hassani L, Wohimuth
2 diabetes and dyslipidemia in middle-aged and elderly H, Leach D, et al. Chemical composition, antioxidant and
Chinese: A longitudinal cohort study. Arch Gerontol Geriatr. antimicrobial activities of essential oils obtained from wild
2024;119:105311. and cultivated Moroccan Thymus species. Ind Crops Prod.
https://doi.org/10.1016/j.archger.2023.105311 2023;43:450-456.

5. Bozin B, Mimica-Dukic N, Samojlik I, Jovin E. Antimicrobial https://doi.org/10.1016/j.indcrop.2012.07.063
and antioxidant properties of rosemary and sage 16. Bakirel T, Bakirel U, Keles OU, Ulgen SG, Yardibi H. In vivo
(Rosmarinus officinalis L. and Salvia officinalis L., assessment of antidiabetic and antioxidant activities of
Lamiaceae) essential oils. J Agric Food Chem. rosemary (Rosmarinus officinalis) in alloxan-diabetic
2019;55:7879-7885. https://doi.org/10.1021/jf0715323 rabbits. J Ethnopharmacol. 2008;116(1):64-73.

6. Yamamoto J, Yamada K, Naemura A, Yamashita T, Arai R. https://doi.org/10.1016/j.jep.2007.10.039
Testing various herbs for antithrombotic effect. Nutrition. 17. Soliman GZ. Effect of Rosmarinus officinalis on lipid profile
2021;21:580-587. of streptozotocin-induced diabetic rats. Egypt J Hosp Med.
https://doi.org/10.1016/j.nut.2004.09.016 2013;53(1):809-815. https://doi.org/10.12816/0001643

7. Erkan N, Ayranci G, Ayranci E. Antioxidant activities of 18. Malek A, Sadaka MW, Hamo S, Al-Mahbashi HM.
rosemary (Rosmarinus officinalis L.) extract, blackseed Evaluation of antidiabetic activity of Rosmarinus officinalis
(Nigella sativa L.) essential oil, carnosic acid, rosmarinic var. prostratus growing in Syria in alloxan diabetic rats. Curr
acid and sesamol. Food Chem. 2018;110:76-82. Bioact Compd. 2021;17(2):187-193.
https://doi.org/10.1016/j.foodchem.2008.01.058 https://doi.org/10.2174/1573407216999200426235739

8. Kontogianni VG, Tomic G, Nikolic I, Nerantzaki AA, Sayyad 19. Oshkondali ST, Mahmoudy E, Samira F, Alacrouk A, Abu
N, Stosic-Grujicic S, et al. Phytochemical profile of KM, Rashed A, et al. Alloxan dose optimization to induce
Rosmarinus officinalis and Salvia officinalis extracts and diabetes in albino mice and the determination of the
correlation to their antioxidant and anti-proliferative induced diabetes type. Saudi J Med Pharm Sci.
activity. Food Chem. 2018;136:120-129. 2019;5(10):813-816.
https://doi.org/10.1016/j.foodchem.2012.07.091 https://doi.org/10.36348/SJMPS.2019.v05i10.001

9. Pérez-Fons L, Garzéon MT, Micol V. Relationship between 20. Mondol D, Islam MN, Biswas S, Jodder P, Sana S, Saleh MA,
the antioxidant capacity and effect of rosemary et al. Investigation of the synergistic effect of glimepiride
(Rosmarinus officinalis L.) polyphenols on membrane and rosuvastatin on alloxan-induced diabetic rat. J Diabetes
phospholipid order. J Agric Food Chem. 2020;58:161-171. Metab Disord. 2020;19(2):1415-1422.
https://doi.org/10.1021/if9026487 https://doi.org/10.1007/s40200-020-00662-6

10. Andrade JM, Faustino C, Garcia C, Ladeiras D, Reis CP, Rijo 21. Raja MA, Mondal P, Venu K, Thimmaraju MK, Kiran P. Food-
P. Rosmarinus officinalis L.: An update review of its drug interaction and pharmacokinetic study between fruit
phytochemistry and biological activity. Future Sci OA. extract of Capsicum frutescens L. and glimepiride in
2018;4:FS0O283. https://doi.org/10.4155/fsoa-2017-0124 diabetic rats. Clin Phytosci. 2020;6(1):48.

11. SunlL, Chen W, Meng, Yang X, Yuan L, Guo Y. Interactions https://doi.org/10.1186/s40816-020-00191-y
between polyphenols in thinned young apples and porcine 22. Basit A, Riaz M, Fawwad A. Glimepiride: Evidence-based
pancreatic a-amylase: Inhibition, detailed kinetics and facts, trends, and observations. Vasc Health Risk Manag.
fluorescence quenching. Food Chem. 2018;208:51-60. 2012;8:463-472. https://doi.org/10.2147/VHRM.S33194
https://doi.org/10.1016/j.foodchem.2016.03.093 23. Yoon KH, Shin JA, Kwon HS, Lee SH, Min KW, Ahn YB, et al.

12. Kamli MR, Sharaf AAM, Sabir JS, Rather IA. Phytochemical Comparison of the efficacy of glimepiride, metformin, and
screening of Rosmarinus officinalis L. as a potential rosiglitazone monotherapy in Korean drug-naive type 2
anticholinesterase and antioxidant medicinal plant for diabetic patients: The practical evidence of antidiabetic
cognitive decline disorders. Plants. 2022;11:514. monotherapy study. Diabetes Metab J. 2011;35(1):26-33.
https://doi.org/10.3390/plants11040514 https://doi.org/10.4093/dmj.2011.35.1.26

13. Lamponi S, Baratto MC, Miraldi E, Baini G, Biagi M. 24. Ghasemzadeh Rahbardar M, Hosseinzadeh H. Toxicity and
Chemical profile, antioxidant, anti-proliferative, safety of rosemary (Rosmarinus officinalis): A
anticoagulant and mutagenic effects of a hydroalcoholic comprehensive review. Naunyn Schmiedebergs Arch
extract of Tuscan Rosmarinus officinalis. Plants. Pharmacol.2025;398(1):9-23.
2021;10:97. https://doi.org/10.3390/plants10010097 https://doi.org/10.1007/s00210-024-03336-9

14. Peng Y, Yuan J, Liu F, Ye J. Determination of active
components in rosemary by capillary electrophoresis with

Ann Pak Inst Med Sci Jan-Mar 2026 Vol. 22 No. 1 90


https://doi.org/10.2174/1573399819666230413094200
https://doi.org/10.1016/j.archger.2023.105311
https://doi.org/10.1021/jf0715323
https://doi.org/10.1016/j.nut.2004.09.016
https://doi.org/10.1016/j.foodchem.2008.01.058
https://doi.org/10.1016/j.foodchem.2012.07.091
https://doi.org/10.1021/jf9026487
https://doi.org/10.4155/fsoa-2017-0124
https://doi.org/10.1016/j.foodchem.2016.03.093
https://doi.org/10.3390/plants11040514
https://doi.org/10.3390/plants10010097
https://doi.org/10.1016/j.jpba.2005.03.033
https://doi.org/10.1016/j.indcrop.2012.07.063
https://doi.org/10.1016/j.jep.2007.10.039
https://doi.org/10.12816/0001643
https://doi.org/10.2174/1573407216999200426235739
https://doi.org/10.36348/SJMPS.2019.v05i10.001
https://doi.org/10.1007/s40200-020-00662-6
https://doi.org/10.1186/s40816-020-00191-y
https://doi.org/10.2147/VHRM.S33194
https://doi.org/10.4093/dmj.2011.35.1.26
https://doi.org/10.1007/s00210-024-03336-9

