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Extended Abstract:

Introduction: In recent years, medicinal leeches have garnered considerable interest in medical therapies,
disease treatment, and the cosmetic industry due to their unique biological properties. Among these
features, the ability to secrete and deliver therapeutic enzymes into the host during blood feeding has
positioned leeches as valuable organisms in biomedical applications (Petrauskiene et al., 2011; Montinari
and Minelli, 2022). With the increasing global demand, natural populations of leeches have declined
significantly, leading to the development and expansion of leech farming as a sustainable alternative
(Firouzbakhsh and Sudagar, 2025). Despite its potential, leech aquaculture faces several challenges.
Leeches are highly sensitive to environmental conditions, microbial infections, and physiological
disorders. Common complications such as blood regurgitation and body deformities are frequently
observed under suboptimal conditions. These issues not only reduce the overall productivity and market
value of the leeches but also pose a risk of spreading pathogens to healthy populations (Grafskaia et al.,
2019; Kwak et al., 2021; Firouzbakhsh et al., 2025). Regurgitation of ingested blood can lead to water
contamination, oxygen depletion, and increased mortality within culture systems. Given these concerns,
effective disease management and health-promoting strategies are crucial for the success of leech farming.
The present study investigates the therapeutic potential of lincomycin, a lincosamide antibiotic, in
reducing mortality and preventing body deformities and blood regurgitation in the Eastern medicinal leech
(Hirudo orientalis). The findings of this research may contribute to the development of improved health
management protocols in leech aquaculture systems.

Materials and Methods: In this study, a total of 90 specimens of the Eastern medicinal leech (Hirudo
orientalis) were assigned to three treatment groups: matchstick leeches (Treatment 1), cosmetic leeches
(Treatment 2), and medical-grade leeches (Treatment 3). Each treatment included three replicates, with 10
leeches placed in separate plastic containers per replicate. The leeches were maintained under controlled
conditions at a temperature of 23 = 1°C (Aminov et al., 2021). Approximately three liters of bovine blood
were procured from certified sources for feeding purposes. To prevent coagulation during transportation
and before feeding, heparin was added as an anticoagulant at a dose of 1650 IU per liter of blood, using
one-gram vials of pharmaceutical-grade heparin (Manav et al., 2019; Firouzbakhsh et al., 2025). Each
container was filled with three liters of dechlorinated water, to which the lincomycin antibiotic was added
at a concentration of 2 mg/L. The water in each container was completely replaced every 24 hours, and the

80


http://dx.doi.org/10.71901/jad-2026-1-892
http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

Journal of Aquaculture Development, Vol. 20, No. 2, 2026, Pages: 80-94

same concentration of lincomycin was re-administered after each water change (Bidmal et al., 2021;
Firouzbakhsh et al., 2025).

Results and Discussion: Following the feeding of Hirudo orientalis leeches with fresh blood, daily
examinations revealed the appearance of various body deformities in a subset of individuals. These
abnormalities presented as irregular body shapes, including sausage-like, beaded, hourglass, and amphora
forms. Additionally, regurgitation of blood post-feeding was observed in some cases, though this
symptom was notably less frequent in matchstick-type and cosmetic leeches compared to medicinal ones.
This may suggest a higher physiological sensitivity in larger leeches, possibly related to size, age, or
metabolic rate. These symptoms are believed to result from a combination of factors, including post-
feeding stress, microbial contamination—either from the blood source or the surrounding aquatic
environment—and imbalances in environmental conditions such as temperature or oxygen levels. Such
disturbances can significantly disrupt the leech’s physiological stability and may threaten their survival if
left untreated (Wang et al., 2022). To manage these complications, treatment with the antibiotic
lincomycin was initiated at a concentration of 2 mg/L for seven consecutive days. During this period, the
water in the holding tanks (pet systems) was completely replaced every 24 hours, and the antibiotic was
re-administered at the same dose after each water change. Environmental conditions, including a stable
water temperature of 22-24°C, indirect lighting, and continuous aeration, were carefully maintained
throughout the treatment period. Signs of recovery became apparent toward the end of the second week.
These improvements included the gradual disappearance of body deformities, cessation of blood
regurgitation, a noticeable reduction in visible microbial contamination in the water, and increased
motility and responsiveness in the leeches. Final evaluation four weeks after the start of treatment showed
recovery rates of 90% in matchstick-type leeches, 80% in cosmetic leeches, and 60% in medicinal leeches.
The reduced response in medicinal leeches may be attributed to their larger body mass or differing
physiological demands. Statistical analysis confirmed that lincomycin significantly reduced the occurrence
of post-feeding deformities and regurgitation symptoms. In a related study, ceftriaxone was used as a
prophylactic measure at a dose of 1 g/l immediately after feeding. After two weeks, both body
deformities and mortality rates were significantly reduced. Recovery rates ranged between 70% and 90%,
and no regurgitation was observed in treated leeches (Firouzbakhsh et al., 2025).

Conclusion: Emphasizing adherence to health protocols, improving water quality management, and
implementing treatment procedures can help improve the health and survival of leeches. The ultimate goal
is to utilize leeches as sustainable resources in the aquaculture, medical, and pharmaceutical industries
through the use of modern and scientific methods.Information on blood clotting and how to treat it is very
limited, making it difficult to access the literature. Therefore, the use of lincomycin can help breeders
reduce the rate of blood clotting and vomiting in leeches.

Conflict of Interest: There is no conflict of interest between the authors of the article.
Acknowledgment: The authors of the article are grateful for the support of their respected colleagues.

Keywords: Oriental leech, Banding, blood vomiting, lincomycin

* Corresponding Author: sepide.firouzbakhsh_s02@gau.ac.ir sudagar_m@gau.ac.ir

81


mailto:sudagar_m@gau.ac.ir
http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

AY A —AF s aseio N F1 O QMU‘Cjae)u‘Mdb‘L;))ﬁéﬁij41,.‘..5
DOI: 10.71901/jad-2026-1-892

33 085 02397 Vb § ON OAD G 2 o logiCid &0 a3 HT 56
Hirudo orientalis 8 4o S}

w0 (539 Yl w9 sbeo c‘él&f 3aaio Cpo o 39 b Ok d Gy vl
‘*}?"53'*’

Q‘ﬁ“&@f;b\f;ﬁbcb}é}))wcﬁo&xb‘@ﬁjh@)&wamb5&%}“’9&)3;;}%5}57\
Ot Ol ¢ gDl 313T ol (oliions ke oy ¢ (Sl Sty (O T (slas sla 03,5 Y

VECFIYA LSy G NS AVAL PRy g

L
5 L 53 a5 iheed B 515 a5 3500 e 5 (i (S e 53 Lacssles 1 (ol OLays 53 e3lizal s 4 La
(o o el 0 03)5T Vb eIl ol S a3 51 5y e 5 T8 51 g sl o 40085 Oy iy O 5l bdas
S sl 5 Olays O 0d sk 5 05 03,57 YU 51 (6,8 (sl s ol 53 03,5 0 Ok S Sk Jlors a1 51 (sl
25 B sl askd Qv sl skt A5 Kol ol S 415 51 (Hirudo orientalis) 5 sy 55 Sk
ot B3 8 055 00T A e e b lay 55 1SS w53 cands T sl w0 oS e b s DT oS slae Il
3 e 3L sl Sy, Sda Sode 4 Jas ol s Se3s 3l o b s cla 15 (83 O 3l e S 1 p 8 (ke 53 Olin 4y e Lo 5
o 313 0L gl 3 8 odalie DL 1Al o b 5 okt skt Ua 15 35 5 La I Oy Os sk IS cazia 53 SIS
55t prelo S 3l eslizal U b slaglls dsys B0 5 ial,T gl iy doys A S sla gl doys A0 wiin L <538
Shoslizul 513 Ol bl andlae s S5 outalie 4085 31 dms b g1 53 0 g5 0358 TYL ¢ lo oS 5 obizanl 31 pu ¢ i NE

338 (30 5 55 UL 5 0 Od sty IS (055 03,537V 1 (68 oy 0 gk Ll on o 5SS

Lo sS 05 0355TVL OS¢ B2 (5015 2SS Dlods”

sudagar m@gau.ac.ir sepide.firouzbakhsh s02@gau.ac.ir :oLK lsege *


http://dx.doi.org/10.71901/jad-2026-1-892
mailto:sudagar_m@gau.ac.ir
http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

AY s G5 05 05 03357 YU 5 Oy OAs (G Cpem ba 5K S35 50 5T 56

Firouzbakhsh and Sudagar, ) &l O = slasil Lo
pste 53 LOT Gl Sl 5 51 &5 el (2024
Ol lagsle Oloys sl p (i 5 ke (S5
Hirudo medicinalis 31 A5 ,le -’-‘qu‘ oslazw!
Ceylan et ) Hirudo oriantalis s Hirudo verbana
oslawl .(al., 2024; Lemke and Vilcinskas, 2020
Pl 2ilgy 5 ook J 57 Lyl 5 Cos a5 ) )
55 oslizal b a8 548 ool Olaebl b 5,8
Firouzbakhsh and ) dizws 5 ge 5 cpal (S5 p5le
.(Sudagar, 2024; Utevsky and Trontelj, 2016
Utevsky Lw s (Hirudo oriantalis) 3,5 s34}
as 3l S s As Some Yoo Jl ,s Trontelj
Sl Olpl 53 eslizal 5y Slays g5 48
oy 35S 53 48 ol (pwen (Ceylan, 2023)
4 ol ot 18 OBl E 5 Olam )3T (0L
b g bagsles Olys ys Slays el Lo
Sled 5 (Vaughan, 2009) 505 5,8 Oy
Ao S 505 528 s e I ol Bl
Marchiori et al., 2024; Kun ) 53 5 s 05 4]
(omb sies s g (Dld gl et al., 2022
5 Pl Al gl R LB el Wl e
355,055 08 Wile e Slaisslon (St 35t
Dudhrejiya et al., 2023; Sudagar and ) & sé
d> 0 53 o5y 4 gl (Firouzbakhsh, 2024
Sl G WPl Olse w ol Sl 2
Jos ) g 2 A 5 055 28 s
Bidmal et al., ) 5,5 » | 5 oslizal 3,50 > >
L .(2022; Collier et al., 2016; Ceylan, 2023
(ke gle S5 5l eslal (ol 5 Lol il 53l
Sl @Bl 2l e slaoliny ;55 BOT Comexr

.

oo

33,8 or p Jb o 05 4 0lays sl g1 51 eslizal
G Sl eili 53 1y bl 5l eslizal LET 0l 5 oo &
Gl 53 05,8 dalie Okl e sl b s
5ol Olys 5 (S5 psle 52 J5 o8
350 sl (FEMg 5 LT Cato 55 oumen
4l s 5 LaoyB plas s La gl elas § 1 5w
21 BOT Ol g 5 g oo b o sir b 51 8
52403 St ST 5 ailis gy nme e T
S Lo il 5 K5 b e ST 0
4 bl Lo (Saglam, 2018) &b sy, ol b
das o |y Ol ol LOT & STy 5 Gos oS st
S5 50,5 oy b 5 o WlS L5
b oLole Gl bls bl JST,5b 4 dule
05555 5 Jolds sl Vb Zusby 5 oS L5
Utevsky and Utevsky, 2018; ) & ls ,li&
ssba gl s ads (Sawyer, 2020
J E5 s ME 0SS Ul 5 B
Sl NELEE 0SS a5 Y 4 by
Firouzbakhsh and Sudagar, 2025; Bidmal and )
.(Sudagar, 2020; Marrone and Canale, 2019
O 0ASe 2Ul5 Ao Il gl s sla S5
15 LOT Dl s 0 J15 & e slag 5T JUasl
Bl Cwlos S b des)l s S 51 S
S Sl (g OLS 5ol Ll
ol a5 I3 Bl 5o 2 e b s S S
&) 39 » (Montinari and Minelli, 2022) s ,\s
"y ) s el YAAY JL J.Lljl 33 b O:“}‘
osbas S 5L ,5 (Sl ol S 5l plids s

slse lyls  Hirudo medicinalis ;| odal Cws 4


http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

\Fe Q\:«.{U c(ajb a)uc(..:m:.: Ju cd)}};‘_;}ﬁw}: 44”].&4

Gliw gen Lis 5 LESb 4 cunT 3 5,8 o sl
Manav et al., ) 45l o O 5 31 o Cé; @ r\.}éi
T Ky e Eel 0 03,5TYL L2019
Lol Sl 53 5 05| el T (ST
Kwak et al., ) 55,5 o byly 5 Slilb 5l
3 &5 e 2l (20215 Ceylan and Erbatur, 2012
Gsog by uwn) bow Ol s (sl Jlse
s da SodT s S plrale
) Wi I S el Ll 3
Dong et al., 2016; ) dusb H138 56 b JI5 (gladss
.(Ceylan and Erbatur, 2012; Ceylan et al., 2021
Cadle g Brae O CokS Oreer
O 03,3V oy 4 wie 5 3lE 5T L1
L,5T o YL 0 S Glagly o8 wdn 1 e
5 b SL ol Gislew Jolss U col S
Sl a4 0 ) & (Goge 5o L s s
oy 53 Sl o Llg o 58 Jame 5,55
.Mane et al., 2021) .s_sjf
Ul g oy O (Kaps b O 04 sy
N3P 0095 gl i ¢ Jamme ol g 1 5L
PH bos 1ile o Ly Ol i L BL  S55
Sty (s 05 SoIT T ol S
Wi pbed s SIT 5 el kel
G T 5 odd gy 5o ol sl Cor e
4 e Culg s 5 el b S5 5
ool (Saglam, 2018) WLsi LOT 0L Ods (g
(s il SN sl 4 Gl S Dl oS
e gl sy b Celo (6l o et (e gu
T g R 1

5 aaldE b b iy, WS e oL ST

AY

23 ol gLy (Firouzbakhsh and Sudagar, 2025)
by glaej o 51 (S M s n el Jl
B N L RUSTL IR
b oo 53 5558 JEb Gl e g L il s
5 g 5 T (leys Y same A5 5
e 3 3 ol e sloenssT 5 S
Calites Gl 4iS 4 Slysle ¢l oYL Jly
Bidmal and Sudagar, 2020; Sudagar and ) . ,!s
3355 &)y 0l ST Ll (Firouzbakhsh, 2024
03 35 se Slaes b odasOlis I W5 4o e v
b e oS Sl Bl il e e oyl
Dby 55 S Slaayia by g ol Ay
w5 Sosn 0 il Coeal Sl g diad)
5ok Lild 4 b YL el Lo
23 Sl od g0l pon gl Hler bojl s clags e
GRS 4 e MlS e 1yl Sy pde D) se
Grafskaia et ) 33 § 1 5 slaau ja Sl 3l 5 835k
Aal., 2019
Pl S5 e 3T o o g 13 s 50 Ol 5o Lo Sl
LOT & & des 355 O 4 S o (15
05 3 s BB olie B das e 1y kB ol
o3 35 O 53 ole i (sl 5 ot S 1) Ol
Seslazal b ol -1 .(Dong et al., 2016) 4l
SLOlLs ol a7 (o geia oy la,lsla
M b 3 O S ISL S 5 S S
S e Jae s Ol a JF s a4 |y O el
O3 Ay onder 4 Blg o Ll 0w o6
ol b .(Nieoczym et al., 2023) dw , WOT O
Sl 4 e Wl O b5 e o

la I ‘g;l‘-i‘fi' e 3 .»Jf Lol s =l Lis


http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

Ad s G5 05 05 03357 YU 5 Oy OAs (G Cpem ba 5K S35 50 5T 56

<s,ls> .(Firouzbakhsh et al., 2025) asl, Sl
(Eosg OIS Al L il e e S
4 Gl S a1 M5 A5 55 o0 e
Sop s b Cosie Bl LT (4,05 & Ol se
Segp 9 Ol pals 4 dagly Cade S
Al LS Wl g e gl ST s Shas

ol I S ST S el S
SO+ Ay 54 dlail b oS il e bl S
e 1 6L sladshe 53 s R pais
Chle b Gllas (eSS s ST 50 8 opl S
Caols Wl5 oo O sliws 5 S & cols
I 556 L (8L ) Llge) Skl ST
Wijayanti et al., ) 4il ailsy (g S zi8)
ot p 5 S S oia rele S (2024
Staphylococcus Streptococcus ke
L oyls ool .l 55 Mycoplasma s Clostridium
G eS Gaieds 5 LSS OLS S
W 035V 1 6,8 e St SIS
s gl ol Jr5 5 on Sajps el
33 om 3l b e e s (Cheng et al., 2020)
4 Gl e CusE 5 phe glag ST
5o 3 5055 S ekisnT slalsl gLl
(Costa et al., 2022) &S’ o 5,5 o (5 lial

313 Span 3T e (G opl 5 O
SIS TS EWRCHH g O PP S
S5 55 O 03,5TVL 5 (0 ) 0oy (Ko
gl Cod Sli,l Gl Geiow ol ol B8
Jlds s A Ll s 3 s (o0 SR
S Glodes Gla e 4 a5 L 238 plail 0T

et pl Sl alge OT L 5 S, Cais

S s 43S adls Ok 3 (Kaps sl el
s I CJJ Sldl 5 ONae Htle 59,y L5 o
PR oS e G R e 4 e 5 w3l 3G
Caietal,) ss 813 Gsrscmer 3 &S ~ ollg
Il 4 e Wil g5 oo Lol O Od gy (2024
fold i 5 mead o i L5le Sl (o Sas 5o
Ol i los 1uSle daoee Ol uid 4 Cad | a1
IMn ) S bld gyl DT (558 5 605
S 5T Wl dile o) 5 A (5, p LSl o
s 4 oply edle ((Ceylan er al., 2024) aal
(Jadd 5 T3 55 gD pde 5 o SIS ke
Al e Rl eddan by lagly s fedd g Ol
Sl by adi 5 MK Lld 4 g
OB Las ysy sl Ok Okd sy 5 (6,8 S
(Aminov et al., 2021) Lib o 555 5 S5
O gl il oW 4 S Sl
Sl olse Kos 5 0 03,5TL dot (S bs)
Sl s eolasl i S 4 (Lsd e
Jsl e Olsie 4 L5 e S iy o
ol sl Jee bagll ple g Calie Slaglas
S s Sose 5 S il 5 e IS
03 038 Sl LIS e 5b iy 4o
Foosp o 53 bl gl 2l 5SSl
wde 4 (Kvist et al, 2020) Al o )
S Sl GISe 3 LSS ela gy s O 05,5TYL
5 3,08 o e 5T Wl ghs0 4 5w
SR (eses Cand 0)s LA 4 Ll
Sk gl 358 i 1 0T e 5 5 e 5 Jrodd s
(ol e Cans il (LYs 4 Sl s
Solon A 5 el w5 (DT ol kS


http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

\Fe Q\:«.{U c(ajb a)uc(..:m:.: Ju cd)}};‘_;}ﬁw}: 44”].&4

05> 4@

38 O A aw spde el adis sk
Slint 51 68 o sk 4 038 4 Sl S
oy adi Ol by Jais Joo Jol e db 5o 055
170+ TU dslae 553 b o5l (05 S5 s S5
o3l sl fule Olge 4 O 2 e Gl o
Firouzbakhsh et al., 2025; Manav et al., ) 1
(2019

PUR I SN g
0355 fia 33 35 3l baglly 4 o0 AT 5
JUSH I ey o o3l 56 ods b zul 5 oSist
ssbhtea LOT (lgsl 55 a5 aosgy 0953 4 O
OT 0300 O Gsle slaess,y (i 1 6,8 sl
sl o Ll ..,\.'.:éjf)ljé odiosleT iy Df
S ads 4 g i bl sl 8 Sl am s YV o E
Sy ) ey (Bidmal et al., 2021) &5 O =
4 odiosleT (glaessy cogllas o3y 4 055 (gled
JS8) Bays 5 Jime b M5 eSS slacy S5
Sl wds LT 51 e aids Yoo spde ()
3 6y skteas sdiiads gl Ml Sl edkia s
Kutschera ) &b oSS (65155 g oy S5
Sl 0 edile B Csd> skaeas .(and Roth, 2005
S 55 55, 5 ST 5 6,8 sl 5 I3 Oy peba
¥O spd les b T (gl Lo b s gl sles
Firouzbakhsh ) Lui osls sicui :l;u:.;l..« do >

et al.,2025; Bidmal et al., 2022

%4

e lo S Gasls LIS LUl LB syl AN
Sl g ol Sas il o Ol gen
Pl S dislen Jolse ISl ele
S s Foss CS sl s (S

RPN

by w9y 9 3lg0
w3l o) 9 Ulke

gl G5 ST Ol S e 3 Shagl opl
5 850sS e e oKsls s s $3bTy b ol
VY e b Syl 5l 088 b e
23 S ol

P 4g

Hirudo ) 3,5 4l asks 4+ 5l imgs ol 5o
w (b 5 T o 2,8 o3Ikl aw s (oriantalis
Sl s S eslical oy 8 a5 anks ¥ sluws
Atd $o55 ST Dk S 04 5 4gs yine S o
ol s gy s 8 Jame (oalT, s b
a3 YWEY Gl 3 g odd 133,08 OT 45 ¢S 1
Aminov et al, ) sui 5,4 S sl 5 sl
sub a bl I sty O (pimman . (2021
38 e Sl el YF a s dliy,
.(Bidmal et al., 2021)


http://dx.doi.org/10.71901/jad-2026-1-892
https://aqudev.lahijan.iau.ir/article-1-892-fa.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-06-14 ]

[ DOI: 10.71901/jad-2026-1-892 |

AV e B S5 03 055 05,557 YU 5 O Ouds Gy s o oS S35 50 5T 56

0355 B lagla 305 6 gl ale 0l 53 0t 3Uinil 31 6,8 sl sl ks Jbs (A) 5 036 0 sl oy 2 S

D) 5& o35, J1s ok abu, 0 5 51l wdxs (C) 58 J jml oS
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Figure 5: Eastern leeches treated with lincomycin after four weeks.
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