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Abbreviations: CAs, carbonic anhydrases; NO, nitric oxide; 
FBG, fasting blood glucose; TG, triglyceride

Introduction
Carbonic anhydrases (CAs, EC 4) are zinc containing 

metalloenzymes. The active site of these enzymes contains a Zn (II) 
ion Co-ordinated by three histidine residues and a water molecule/
hydroxide ion. Four distinct gene families encode them and distributed 
throughout the phylogenetic tree. Presently 16 different CA isoforms of 
alpha family have been isolated and characterized in mammals. They 
catalyze  the rapid inter conversion of  carbon dioxide  and  water  to 
bicarbonate and protons, a  reversible reaction  that occurs relatively 
slowly in the absence of a catalyst.1,2

 Several important physiological and pathological functions are 
played by the CA isozymes present in organisms, related to respiration 
and transport of CO2 and bicarbonate between metabolizing tissues 
and the lungs, pH and CO2 homeostasis, electrolyte secretion in a 
variety of tissues or organs. These enzymes play very important role 
in providing biocarbonate as substrate for carboxylation in different 
essential metabolic pathways which include gluconeogenesis and 
synthesis of some amino acids (pyruvate carboxylase) lipogenesis 
(pyruvate carboxylase and acetyl coA carboxylase), ureagenesis 
(carbamoyl synthase I) and pyrimidine synthesis ( Carbamoyl 
phosphate synthase II).3

The erythrocyte contains CA I and CA II isoenzymes. Though 
CA II normally accounts for only 14-17% of the CA in RBC and CA 
I accounts for the rest, it has been estimated that CA II contributes 
about 90% of the CA activity of erythrocytes in vivo. The function 
of carbonic anhydrase in the blood is primarily as an accelerator of 

the elimination of CO2 in the lungs. Metabolic CO2, produced in the 
tissues, must be delivered to the circulating erythrocytes to be rapidly 
converted to HCO3 by these enzymes which also catalyze the reverse 
reaction in the lung capillaries to excrete that CO2 from the lungs.4 

Mammalian carbonic anhydrases also catalyze the hydrolysis of 
some esters and the hydration of aldehydes. Their activities with these 
other substrates may be substantially different from their activities with 
carbon dioxide as substrate.1,5‒8 A study has reported the generation of 
nitric oxide (NO) from nitrite by the action of this enzyme. Changes 
in catalytic activities of carbonic anhydrase had been observed in 
various diseases. We have previously reported the changes of CA 
activity with thyroid disorders,9 psoriasis6 and hypertension.5 We have 
also demonstrated the increase of CA activity in patients with insulin 
resistance and this activity was associated with Methylglyoxal in the 
serum as well as in RB.C model.10

The catalytic and inhibitory mechanisms of these enzymes have 
been studied extensively. This has helped to design some potent 
inhibitors of clinical interest.11 The modulations of carbonic anhydrase 
activity of have been proposed for treatment and prophylaxis of 
obesity.12,13 Presently various types of phytoconstituents isolated from 
medicinal plants. Swietenia macrophylla is one of such plants. We 
have studied that the extract of Swietenia macrophylla seeds which is 
a not only a nontoxic one14 but also have a significant hypoglycemic 
effect and exhibited antioxidant property.14,15 Our earlier observation 
also revealed that aqueous extract of this plant’s seeds help to 
regenerate the pancreatic β- cells in the diabetic rats.16

Current study aims to observe whether the extract of this plant has 
any effect on the Erythrocyte CA activity in the streptozotocin induced 
diabetic rats and in the R B.C models in vitro. 
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Abstract

Background: We have previously reported that the CA activity is associated with advance 
glycation end product in insulin resistance condition. Our earlier report also revealed 
that Swietenia macrophylla effectively reduces the blood glucose levels in streptozotocin 
induced diabetic rats. 

Aim: The present study aims to find out if there is any effect of these plant extract on CA 
activity in Diabetic rat model.

Materials and methods: Streptozotocin was used to induce diabetes except in the control 
group.The activities of the Carbonic anhydrase in plasma and other biochemical parameters 
were estimated using standardized methods. 

Results: Our Results demonstrate the erythrocyte CA activity is positively correlated with 
the blood glucose as well as total cholesterol, triglyceride, LDL cholesterol levels. There is 
reduction of CA activity under the effect of these extract along with effective lowering of 
blood glucose and the above lipid parameters. 

Conclusions: The extract of Swietenia macrophylla seeds effectively inhibits erythrocyte 
CA activity and has potential for use to control Diabetes Mellitus and prevent complications.
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Material and methods
Preparation of extract of Swietenia macrophylla seeds

Swietenia macrophylla seeds of were collected and authenticated 
(the voucher specimen Ref. no. CNH/I-I/54/2009/Tech. II/154). The 
seeds were, washed, shed-dried at room temperature, grinned to 
powder and sieved through 40meshes. The extract was prepared by 
dissolving 200mg powder in one ml of distilled water and thereafter 
centrifuged at 3,000r.p.m for 15minutes. The supernatant was collected 
by milipore filtration. The pure extract of Swietenia macrophylla thus 
obtained was stored in air tight glass vials.13,14

Study animals

6-8weeks aged healthy adult Wister albino rats of 98- 110grams 
weight and both sexes were used for this study. Females were 
nulliparous and not pregnant. Before initiation, the rats were allowed 
acclimation period of 7days in laboratory condition. Six rats each of 
the same sex were housed in polycarbonate cages bedding with husk, 
20 to 24°C temperature and relative humidity between 30 to 70percent. 
The dark and light cycle of 12hours each was maintained. Standard 
pelleted diet (M/s Ghosh Enterprise, Kolkata) with aquaguard pure 
water in glass bottles ad libitum were fed to the animals. Consumption 
quantity of food by the animals was comparable with that of the 
control group. The principles of laboratory animal care were followed 
according to the instructions by the Institutional Animal Ethics 
Committee.14

Diabetes was induced in all the rats except in the healthy controls 
(Gr.I) by Streptozotocin through intraperitoneal route. Hyperglycemia 
was confirmed by the elevated glucose level in plasma, determined at 
48h after injection. Hyperglycemic rats were included for the study 
along with the healthy control animals.

Study design

The animals were grouped into four of six rats each. Group I 
rats (Healthy and Normal) administered with double distilled water 
along with the feed. Group II rats (Diabetic control) were also fed 
with distilled water. Group III rats (Diabetic with extract) were fed 
with aqueous extract of Swietenia macrophylla seeds (2gm/kg body 

weight) daily. Group IV rats (Diabetic with Metformin) were fed with 
the aqueous extract and Metformin (10mg/ kg body weight) daily. All 
the rats were studied for 30days.

Collection and preparation of samples: The blood samples were 
collected from the tail veins aseptically in vials with heparin and 
centrifuged at 3000rpm for 10minutes. The plasma was separated and 
used for biochemical tests. For in vitro study, packed red cells were 
washed with NaCl (0.9%), the ghost and intact cells were removed 
by centrifugation at 4°C, 20,000rpm for 30minutes. The RBCs were 
washed with normal saline, and haemolysate prepared with chilled 
distilled water. 

Biochemical tests: Plasma glucose, glycosylated haemoglobin and 
other biochemical tests were done with the help of spectrophotometer 
(Electronic Corporation of India limited) using standardized reagent 
kits and in the department of Biochemistry, Nilratan Sircar Medical 
College, Kolkata. 

Assay of carbonic anhydrase activity: The assay system contained 
100μl of sample (Hemolysates) in 1.4ml of 0.05 M Tris-SO4 buffer 
(pH 7) and 1.5mL of 3mM p-nitrophenyl acetate. The change in 
absorbance at 348nm was measured over a period of 3min, before and 
after adding the sample. One unit of enzyme activity was expressed as 
1 μmol of released p-nitrophenol per minute at room temperature. All 
chemicals for carbonic anhydrase activity assay were obtained from 
Merck Chemicals.6

Data were expressed as mean±SD, student’s T- test was done 
for comparison, p-value less than 0.05 was considered significant. 
Statistical Analysis Data were statistically analyzed using Microsoft 
Excel and SPSS-16. 

Results with discussion
Clinical and biochemical parameters of our study subjects have 

been depicted in Table 1. There were no significant changes in the 
body weights among the different groups of the animals, but the 
changes in blood glucose levels and HbA1c % and lipid parameters 
were observed during the study. There is significant increase in 
erythrocyte CA activity along with blood glucose levels in the diabetic 
rats (Group II) compared to the healthy controls (Gr. I) (Figure 1). 

Figure 1 Carbonic anhydrase and Fasting blood glucose levels.

Pair two tail student’s T test was done. Values were given as 
mean±SD. Indicate the level of significance in comparison to diabetic 
control (Gr. II) aP< 0.05, bp< 0.01.

This observation agrees with our previous report.14 During 30days 
of treatment with the extract, the plasma glucose level significantly 
came down in Group IV animals. The similar trend has been 

observed with the treatment with metformin (Gr.III), an established 
hypoglycemic agent (Figure 1).

The CA activity in the current study is positively correlated 
(r=0.886, p<0.001) with the blood glucose levels (Figure 2). This 
observation also supports our earlier findings.14,15 During 30days of 
treatment with the extract, the plasma glucose level significantly came 
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down in Group IV animals. The similar trend has been observed with 
the treatment with metformin (Gr.III), an established hypoglycemic 
agent (Figure 1).

Figure 2 The CA activity with the Fasting blood glucose levels.

Moreover, our study also demonstrates association of these 
enzyme activities with dyslipidemia. Our results show significant 
positive relationship of erythrocyte CA activity with the total 
cholesterol (r=0.886, p<0.001), triglyceride (r=0.886, p<0.001) and 
LDL cholesterol levels (r=0.886, p<0.001) as depicted in Figure 3‒5 
respectively. These findings are also in agreement with the previous 
study by some of us, where we observed significantly higher levels 
of total cholesterol and triglycerides with a concomitant increase 
in serum malondialdehyde concentration and carbonic anhydrase 
activity in hypertensive patients.17

Figure 3 CA activities with the total cholesterol levels.

Though hyperlipidemia is a common association of hyperglycemia 
in Diabetes Mellitus but association of increase CA activity in RBC 
in these situations reflects metabolic alteration in the tissues like 
liver, adipocytes and muscles. Previous study reported a role of 
carbonic anhydrase in hepatic lipogenesis at the level of pyruvate 
carboxylation.9 Though the systematic study of CA as a metabolic 
enzyme are insufficient, CA evolved as an enzyme of trans-membrane 
facilitated CO2 transport and take on a secondary metabolic role. 
Alteration of erythrocyte CA activity probably represents the overall 
metabolic state of the tissues.18 The CA mediated nitric oxide (NO) 
generation is another important aspect to understand correlation ship 
of CA activity with the increase blood flow and metabolic activity 

in different tissues and organs.19 The Group IV animals, receiving 
extract, had significant reduction of total cholesterol, triglyceride 
as well as LDL cholesterol levels in plasma, compared to diabetic 
control (Group II) animals (Table 1). The reduction of blood glucose 
level under the Swietenia macrophylla seeds also agrees with our 
earlier findings.14 

Figure 4 CA activities with the triglyceride levels.

Figure 5 CA activities with the LDL cholesterol levels.

In the current study, we have further wanted to observe weather 
the extract of Swietenia macrophylla, a phytoconstituents, which 
effectively lowers the blood glucose as well as cholesterol and 
triglyceride levels, can also inhibit the CA activity. 

Presently two classes of compounds, the metal complexing anions 
(such as cyanide, cyanate, thiocyanate, azide, hydrogen sulfide, etc) 
and the sulfonamides, sulfamates or sulfonamides, are used as carbonic 
anhydrases inhibitors. These ubiquitous enzymes are present different 
tissues and in different isoforms. So they represent an attractive 
goal for the design of inhibitors with biomedical applications. CA 
inhibitors are mainly used as antiglaucoma, antitumor, antiobesity 
anticonvulsants, antimicrobials and antifungals agents. Besides they 
are also used as diagnostic tools for tumors.3

Table 1 &Figure 1 indicates there is significant reduction of 
erythrocyte CA activity under the effect of this extract. The in vitro 
experiment also demonstrate inhibition of erythrocyte CA activity by 
the extract and it is comparable with the effect of acetazolamide, an 
established CA inhibitor as depicted in Table 2 &Figure 6. 
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Table 1 Biochemical parameters in the experimental rats

Parameters Group I 
(Normal Control)

Group II 
Diabetic Control)

Group III 
(Diabetic Rats With Meformin)

Group IV 
(Diabetic Rats With Extract)

Plasma glucose
level [mg/dl] 72.73±4 139.33± 9.04 67±9.23b 98.66±9.26

HbA1c(%) 5.5±1.2 5.7±1.04 4.9±0.9 5.0±1.11

Urea(mg/dl) 22.95±2.43 24.45±3.4 20.05±2.11 19.56±1.4

Creatinine(mg/dl) 0.5±0.09 0.7±0.07 0.67±0. 01 0.4±0.02

Plasma total
 cholesterol (mg/dl) 64.47±3.4 103.28±8.3 61.65±4.40 64.42±3.3a

Plasma 
triglyceride (mg/dl) 60±2.58 93±10.64 64.14±8.19 58.85±4.41b

Asma LDL(mg/dl) 20.71±2.13 34.28±7.8 19.71±1.11 22.57±5.3b

Plasma HDL(mg/dl) 50.14±11.99 37.14±5.8a 39.14±8.47 35.42±6.60b

Table 2 In Vitro Study of Erythrocyte CA activity under the effect of Acetazolamide(mg/dl) and extract of Swietenia macrophylla(mg/dl) in dose dependent manner

Concentration of Acetazolamide and 
extract of Swietenia macrophylla seed 

CA activity under the effect of 
Acetazolamide(mg/dl)

CA activity under the effect 
of extract of Swietenia macrophylla(mg/dl)

50 146.66±0.58 190.36±0.47

100 115.66±0.47 118.66±0.47

200 111.66±0.47 76.66±0.47

400 96.66±0.47 50.33±0.57

Figure 6 CA Activity under the effect of Acetazolamide and extract of 
Swietenia macrophylla (mg/dl).

Though it is yet to be established whether the increase of CA 
activity is the cause or effect in the insulin resistant conditions, but 
this reduction is associated with the improvement of the situation. As 
the modulation of CA activity is associated with the advance glycation 
end product, which we have demonstrated previously,5 the inhibitor 
of CA activity like the extract of Swietenia macrophylla seeds, may 
also be beneficial in this condition to prevent complications, where 
AGE compound has definite role to play. However, further study in 
this direction with bigger sample size, particularly at the tissue levels 
and preferably with the separated components of the seeds is needed.

Conclusion
Although we have a limited sample size and our study could not 

include the metabolic activity in tissues, our observation reveals that 
there is significant reduction of erythrocyte CA activity by the extract 
of Swietenia macrophylla seeds in streptozotocin induced diabetic rats 
along with effective lowering of blood glucose and lipid parameters.
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