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Dipeptidyl peptidase-4 (DPP-4) binds to adenosine deaminase (ADA) and form a com-

plex which catalyzes an irreversible deamination of extracellular adenosine to inosine, what 
leads to the generation of hypoxanthine, xanthine and finally uric acid by xanthine oxidase (XO) 
in purine catabolism with the production of reactive oxygen species. Xanthine-based DPP-4 
inhibitor linagliptin showed inhibitory potential on XO. It exerts a hypouricemic effect by inhibi-
ting DPP-4 activity and its binding to ADA, what causes the increase of adenosine and decrease 
of XO substrates levels, as well as by inhibiting XO activity. Based on the evidenced dual 
mechanism of hypouricemic activity of linagliptin, the possibility of other DPP-4 inhibitors with 
the purine-based scaffold to act in the same manner exists.  
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Introduction 
 
Chronic hyperuricemia represents a risk factor 

for metabolic syndrome, cardiovascular and renal 
disorders (1-6). Although the elevation of uric acid 
levels acts as a risk factor and contributes to the 

development of mentioned disorders, it also repre-
sents a marker and consequence in cardiovascular 
and renal pathology (7). Hyperuricemia and oxida-
tive stress generated via xanthine oxidase (XO) acti-
vity promote endothelial dysfunction. Uric acid sti-
mulates proliferation of vascular smooth muscle 
cells, elevates levels of inflammatory markers inclu-

ding C-reactive protein and tumor necrosis factor-α, 
nuclear factor kappa B, monocyte chemoattractant 
protein-1, interleukin-1β and -6. Improvement might 
be associated with the administration of urate-low-
ering agents such as XO inhibitors (1, 3-6).  

It has been shown in isolated postischemic rat 
heart that XO mediated generation of free radicals 

upon reperfusion is triggered by enhancement of for-

mation of its substrates, hypoxanthine, and xanthi-

ne, during ischemia, while alterations in the enzyme 
activity are not sufficient as major limiting factor. 
During ischemia, the accumulation of hypoxanthine 
and xanthine occurs via degradation of adenosine tri-

phosphate (ATP) to adenosine monophosphate (AMP), 
adenosine and inosine. Since substrates availability 
is significant in the production of free radicals and 

consequently in the determination of severity in po-
stischemic injury, the decrease of their formation 
might offer novel therapeutic approach besides the 
inhibition of XO activity, with beneficial effect in 
terms of the increase of adenosine levels as well as 
the preservation of high energy phosphates (8). 
Moreover, it has been shown in postischemic rat 

heart that reduction of XO substrate generation by 
inhibition of adenosine deaminase (ADA) activity can 
prevent the production of free radicals and contrac-
tile dysfunction (9). 

Dipeptidyl peptidase-4 (DPP-4) is ADA binding 

protein, with which in complex it contributes to T-cell 

stimulation and proliferation (10, 11). Bimolecular 
complex of DPP-4 and ADA catalyzes irreversible dea-
mination of extracellular adenosine to inosine, than 
to hypoxanthine and xanthine finally oxidized to uric 
acid by xanthine oxidase (XO) in purine catabolic 
pathway, with generation of superoxide anions 
(Figure 1). If deamination is absent adenosine is 
rephosphorylated to 5ʹ-AMP and ATP by adenosine 

kinase (12).  
Therefore, compounds with XO and DPP-4 in-

hibitory potential will at the same time reduce XO 
activity, as well as its substrates generation by sup-
pressing formation of the complex between DPP-4 

and ADA. 



Potential dual mechanism of hypouricemic activity of DPP-4...                                                                    Katarina Tomović et al. 

51 

 

 

 

 
 
 

Figure 1. Schematic diagram of the irreversible deamination of adenosine to inosine,  
hypoxanthine and xanthine oxidized to uric acid (adapted from Lee et al. (12) and Xia et al. (9)) 

 
 

 
 

 
 

Figure 2. Chemical structure of linagliptin 
 

 
 

Linagliptin, dipeptidyl peptidase-4 and 
xanthine oxidase inhibitor 

 
It has been shown that linagliptin, DPP-4 inhi-

bitor with xanthine-based structure (Figure 2) and 

reported IC50 value of ~ 1 nM (13-16), at the oral 
dose of 5 mg/kg for 7 days normalized increased 
serum XO activity in septic rats (17). Additionally, 

linagliptin exerted an inhibitory effect on the activity 
of XO in vitro and in human serum derived from the 
healthy volunteer in a concentration-dependent ma-
nner up to 1 mM, as well as lowered uric acid levels 
in plasma of diabetic patients at the oral dose of 5 

mg once daily for 24 weeks (18).  
Generally, based on linagliptin as representa-

tive, DPP-4 inhibitors with purine-based scaffold may 
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be hypothesized to exert hypouricemic effect via 

dual mechanism, inhibiting the activity of DPP-4 and 

its binding to ADA with subsequent increase of ade-
nosine levels and decrease of availability of substra-
tes for XO, as well as inhibiting XO activity, with 
finally reduced production of uric acid. 

Overview of purine-based DPP-4 inhibitors 

 

Some DPP-4 inhibitors (13-16, 19-28) have 
been derived from a xanthine scaffold, similar to the 
structure of linagliptin (Table 1, Figure 3). 

 
 
 

Table 1. DPP-4 inhibitors derived from purine scaffold with determined IC50 values  
from 0.05 nM to > 24.50 µM (13-16, 19-23, 25-27) 

 

 

Compound R1 R3 R7 R8 

1 H CH3 

 
 

2 H CH3 

  

3 CH3 CH3 

 
 

4 CH3 CH3 

  

5 CH3 CH3 

  

6 CH3 CH3 

 
 

7 CH3 CH3 

 
 

8 CH3 CH3 

  

9 CH3 CH3 
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10 CH3 CH3 

  

11 CH3 CH3 

  

12 CH3 CH3 

 
 

13 CH3 CH3 

 
 

14 CH3 CH3 

 
 

15 CH3 CH3 

  

16 CH3 CH3 

  

17 CH3 CH3 

  

18 CH3 CH3 

  

19 CH3 CH3 

 

 

20 

 

CH3 

 
 

53 
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21 

 

CH3 

  

22 

 

CH3 

  

23 

 

CH3 

  

24 

 

CH3 

  

25 

 

CH3 

  

26 

 

CH3 

 
 

27 

 

CH3 

 

 

28 

 

CH3 

  

29 

 

CH3 

 
 

30 

 

CH3 

 
 

54 
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31 

 

CH3 

 
 

32 

 

CH3 

  

33 

 

CH3 

  

34 

 

CH3 

  

35 

 

CH3 

 
 

36 

 

CH3 

  

37 

 

CH3 

  

38 

 

CH3 

 
 

39 

 

CH3 

 
 

40 

 

CH3 

 
 

55 
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41 

 

CH3 

 

 

42 

 

CH3 

 
 

43 

 

CH3 

 
 

44 

 

CH3 

 
 

45 

 

CH3 

 
 

46 

 

CH3 

 
 

47 

 

CH3 

 
 

48 

 

CH3 

 
 

49 

 

CH3 

 

 

50 

 

CH3 

 
 

51 

 

CH3 

  

56 
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52 

 

CH3 

  

53 

 

CH3 

 
 

54 

 

CH3 

 
 

55 

 

CH3 

 
 

56 

 

CH3 

 
 

57 

 

CH3 

 
 

58 

 

CH3 

 
 

59 

 

CH3 

 
 

60 

 

CH3 

 
 

61 

 

CH3 

 
 

62 

 

CH3 

 
 

63 

 

CH3 

 
 

57 
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64 

 

CH3 

 
 

65 

 

CH3 

 
 

66 

 

CH3 

 
 

67 

 

CH3 

 
 

68 

 

CH3 

 
 

69 

 

CH3 

  

70 

 

CH3 

  

71 

 

CH3 

 

 

72 

 

CH3 

 
 

73 

 

CH3 
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74 

 

CH3 

 
 

75 

 

CH3 

 
 

76 

 

CH3 

 

 

77 

 

CH3 

  

78 

 

CH3 

 
 

79 

 

CH3 
 

 

80 

 

CH3 

 

 

81 

 

CH3 

 
 

82 

 

CH3 

 
 

59 



Acta Medica Medianae 2019, Vol.58(1)                                              Potential dual mechanism of hypouricemic activity of DPP-4... 

60 

83 

 

CH3 

  

84 

 

CH3 

  

85 

 

CH3 

 

 

86 

 

CH3 

  

87 

 

CH3 

 
 

88 

 

CH3 

 
 

89 

 

CH3 

 
 

90 

  

 
 

91 

  
 

 

92 CH2CH2CH3 CH2CH2CH3 H 
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Figure 3. DPP-4 inhibitors with purine scaffold structurally little different from the above listed  
representatives with reported IC50 values of 10 nM, 89 nM and 6 pM, respectively (21, 24, 28) 

 
 
 

Conclusion 
 

Besides XO activity, the availability of its sub-
strates, affected by modulation of ADA activity, de-
termine production of uric acid, and potential mul-
titarget hypouricemic agents might offer a beneficial 

therapeutic approach. Based on evidenced linagliptin 
inhibitory potential on DPP-4 and XO, the possibility 

of DPP-4 inhibitors with the purine-based scaffold to 
exert hypouricemic effect via the same dual mecha-
nism like linagliptin exists. Although structures pos-
sess the same scaffold, position and type of sub-
stituents affect and determine the structure-activity 
relationship, and inhibitory potential of other purine-

based DPP-4 inhibitors on XO remains to be expe-
rimentally assayed. 
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Dipeptidil peptidaza-4 vezuje adenozin deaminazu, pri čemu nastaje kompleks koji 

katalizuje ireverzibilnu deaminaciju ekstracelularnog adenozina u inozin, što vodi generisanju 
hipoksantina i ksantina do mokraćne kiseline ksantin-oksidazom u katabolizmu purina uz pro-
dukciju reaktivnih kiseoničnih vrsta. Inhibitor dipeptidil peptidaze-4 ksantinske strukturne os-
nove, linagliptin, pokazao je inhibitorni potencijal na ksantin-oksidazi. Linagliptin pokazuje 
hipourikemijski efekat inhibiranjem aktivnosti dipeptidil peptidaze-4 i formiranja kompleksa 
ove proteaze i adenozin deaminaze, što uzrokuje porast sadržaja adenozina i smanjenu ras-
položivosti supstrata ksantin-oksidaze, kao i inhibiranjem aktivnosti ksantin-oksidaze. Usled 
dokaza o dualnom mehanizmu hipourikemijske aktivnosti linagliptina, postoji mogućnost da 
drugi inhibitori dipeptidil peptidaze-4 purinske strukture pokazuju istu aktivnost. 
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